Background-Vascular lesions have become more evident in human immunodeficiency virus type 1 (HIV)-infected patients as the result of earlier diagnosis, improved treatment, and longer survival. Aortic root dilation in HIV-infected children has not previously been described. This study was undertaken to determine the prevalence of aortic root dilation in HIV-infected children and to evaluate some of the potential pathogenic mechanisms.
Conclusions-Mild and nonprogressive aortic root dilation was seen in children with vertically transmitted HIV infection from 2 to 9 years of age. Aortic root size was not significantly associated with markers for stress-modulated growth; however, aortic root dilation was associated with left ventricular dilation, increased viral load, and lower CD4 cell count in HIV-infected children. As prolonged survival of HIV-infected patients becomes more prevalent, some patients may require long-term follow-up of aortic root size.
An arteriopathy involving small and medium-sized arteries was described in 1987 by Joshi et al 1 in children with human immunodeficiency virus type 1 (HIV) infection and acquired immunodeficiency syndrome (AIDS). Vascular lesions have become more evident in HIVinfected patients as the result of improved treatment and survival. HIV-infected patients have had aortic or other large-vessel aneurysms requiring surgery, 2 and there is one case reported of an HIV-infected patient with a ruptured aneurysm of the sinus of Valsalva. 3 Dilation of the aortic root has not been previously reported as a characteristic of HIVinfected patients.
The Prospective P 2 C 2 HIV Multicenter Study (P 2 C 2 HIV Study) was initiated to provide a systematic surveillance of pediatric pulmonary and cardiovascular complications (P 2 C 2 ) commonly seen in children exposed to maternal HIV infection. Dilation of the aortic root was seen in a number of HIV-infected patients on echocardiograms that were performed serially as part of the P 2 C 2 HIV Study. To determine the prevalence of aortic involvement and to assess longitudinal change, routine measurements of the aortic root were added to the P 2 C 2 HIV Study protocol. In this report, the prevalence of aortic root dilation in HIVinfected children is assessed, and some of the potential pathogenic mechanisms are evaluated and discussed.
Methods
From May 1990 to January 1994, HIV-infected women and their children were recruited into the P 2 C 2 HIV Study at 5 clinical centers located in 4 major metropolitan regions. Institutional review board approval of the protocol was obtained at each site, and appropriate informed consent was satisfied for each study patient. A detailed description of recruitment and retention strategies for the P 2 C 2 HIV Study has been published. 4 The P 2 C 2 HIV Study recruited an older HIV-infected cohort (group I) and a neonatal cohort (group II). Group I was composed of children enrolled at >28 days of age with documented vertically transmitted HIV infection. Children born before April 1, 1985 , children with a history of sexual abuse, and children with secondary cancer at enrollment were excluded from the study. Group II was composed of infants born to HIV-infected women enrolled during gestation or by 28 days after birth. A randomly selected group of HIV-uninfected children from this cohort was followed throughout the study as a control group.
Maternal HIV status was determined by antibody testing with an enzyme-linked immunosorbent assay and confirmed by Western blotting. HIV infection was diagnosed if a child had two positive HIV cultures, had a positive HIV antibody test at ≥15 months of age, died of an HIV-associated condition, or had AIDS. Infants with two negative HIV cultures (one at ≥5 months of age) or negative HIV serologic results at ≥15 months of age were considered to be HIV-uninfected.
Diagnostic anatomic echocardiograms and left ventricular function analyses were performed according to the P 2 C 2 HIV Study protocol at 10 designated laboratories affiliated with the 5 clinical centers. Echocardiograms were performed upon enrollment into the study and initially at 4-month intervals for all study patients. After determination of HIV status, studies were performed at 4-month intervals for HIV-infected patients and at 6-month intervals for HIV-uninfected patients. The studies were supervised and reviewed by staff pediatric cardiologists at the clinical centers. Before determination of HIV status, all children received chloral hydrate as indicated for sedation during the echocardiogram; subsequently, only HIV-infected children received sedation for echocardiograms.
Routine measurements of the aortic root were added to the protocol midway through the study in October 1995. Children were followed through January 1997. Measurements at the level of the aortic annulus, sinuses of Valsalva, and sinotubular junction (STJ) were obtained from a standard parasternal long-axis view at a point of maximum diameter during the cardiac cycle (generally mid-systole). The aortic annulus diameter was measured at the hinge points of the valve leaflets. Diameter measurements of the sinuses of Valsalva and STJ were made from inner margin to inner margin, perpendicular to the long axis of the ascending aorta. Measurements were made by technologists and physicians blinded to the HIV status of the patients. Measurements of the proximal ascending aorta were not included in the study protocol because of concerns regarding accuracy and reproducibility.
Potential confounding variables for aortic root size were evaluated. Covariate analyses were performed with heart rate, peak systolic blood pressure (BP), stroke volume, hemoglobin, hematocrit, left ventricular end-diastolic dimension (LVEDD), serum HIV RNA level, and CD4 cell count. Heart rate and BP measurements were obtained with the patient supine at the time of the echocardiogram. Systolic and diastolic BP values were recorded as the averages of 3 measurements made with an automated Dinamap vital signs monitor (Critikon, Tampa, Fla). Stroke volume was calculated as LVEDD 3 minus left ventricular end-systolic dimension 3 , with measurements obtained from M-mode strip chart recordings that were digitized at a central echocardiography laboratory. Measurements of hemoglobin and hematocrit were made at 6-month intervals. Serum HIV RNA was assayed by means of a reverse-transcriptase polymerase chain reaction in laboratories according to AIDS Clinical Trials Group quality assurance recommendations. The quantitative polymerase chain reaction was performed with an HIV assay according to the manufacturer's instructions (Amplicor HIV-1 Monitor Test, Roche Diagnostic Systems, Branchburg, NJ). 5 Lymphocyte phenotypes (CD4 cell counts) were determined in AIDS Clinical Trials Group-certified laboratories, and z-scores were calculated from normal age-adjusted CD4 cell counts from Mofenson et al. 6 
Statistics
Linear and nonlinear regression models were used to examine the relation between aortic root measurements and body surface area (BSA), age, height, and weight with data from 259 normal children measured at a single facility (Children's Hospital, Boston, Mass) in the same manner as in the study. The two models that best fit the data were a log-log linear regression and a nonlinear power function (Y = aX b + c) with BSA used as the predictor. The quality of the fit for the two models was similar and therefore for the sake of simplicity, the log-log linear regression model was used. The model was fit for each of the aortic root measures, and 95% prediction intervals were calculated.
To assess whether there were changes with age, longitudinal repeated-measures analyses were performed for each aortic root measurement and z-score as well as for hemoglobin and hematocrit. Specifically, a linear model with maximum likelihood estimation and either an unstructured variancecovariance form or heterogeneous compound symmetry form among the repeated measurements was fit for each outcome. Covariate adjustment was made for HIV status, age category, and HIV by age category for z-scores, and the actual aortic root measurements were also BSA-adjusted. The results were summarized with adjusted means and 95% confidence intervals (CI) by HIV status and age category. For group I, only measurements on children between 5 and 9 years of age were analyzed because of the limited number of measurements outside of this age range. Separate models were fit to adjust for stroke volume and hemoglobin.
For baseline analysis of association with aortic root z-scores, the first available serum HIV RNA level and CD4 cell count measurement within 3 months of the first echocardiogram was used. The Pearson product-moment correlation coefficient and the Spearman rank correlation coefficient were used to test for association between baseline covariates and between change in covariates. Change from baseline in z-scores was compared by means of the 1-sample t test. All statistical tests were 2-sided, and a P value ≤.05 was considered statistically significant.
Results

Patient demographics
Aortic root data were available on 280 study patients. Group I consisted of 86 children (of 205 group I children enrolled). Most of the children were black (50.0%) or Hispanic (29.1%), and 45.3% were male. Among the 194 group II infants with aortic root data available (of 600 enrolled), 50 were HIV-infected (group IIa) and 144 HIV-uninfected (group IIb). Within group II, 51.6% were black, 35.1% were Hispanic, and 53.1% were male. Normal aortic root data were obtained from 259 children (median age, 4.7 years); 57.9% were male. Of the 30% of the normal children on whom race was recorded, 24.4% were black, 15.3% were Hispanic, and 2.6% were Asian.
Treatment of HIV infection
Nearly every HIV-infected child enrolled in the P 2 C 2 HIV Study received antiretroviral treatment, principally zidovudine and dideoxyinosine, at some time during the study period (97.6% in group I and 91.4% in group IIa). Protease inhibitors were used by a small number of the study children (<5%). In addition, 43% of group I and 28% of the group IIa study patients were treated with intravenous immunoglobulin at some time during the study period.
Aortic root measurements
The relation between aortic root measurements and BSA for the 259 normal children is displayed in Figure 1 . Diameter measurement of the aortic annulus was available on 257 children, of the sinuses of Valsalva on 207 children, and of the STJ on 160 children. The fitted regression equations are provided in the figure legend.
There were 672 echocardiograms performed on 280 study patients (232 echocardiograms in group I, 155 in group IIa, and 285 in group IIb). The median age at the time of first aortic root measurements was 48.7 months (72.9 in group I, 38.3 in group IIa, and 41.4 in group IIb), with a median number of 2.0 echocardiograms per patient (3.0 in group I, 3.0 in group IIa, and 2.0 in group IIb). Median duration of follow-up was 7.3 months for the study population (8.4 in group I, 10.7 in group IIa, and 6.0 in group IIb).
BSA-adjusted aortic root analyses are provided for group II in Figure 2 . Aortic root size was significantly greater in HIV-infected children than in HIV-uninfected children. By repeatedmeasures analyses, mean aortic root measurements were significantly increased for HIVinfected children at 2 years of age (P value of .04, <.001, and .04 for aortic annulus diameter, sinuses of Valsalva, and STJ, respectively). Mean aortic root sizes were approximately 0.10 to 0.15 cm larger in HIV-infected children at 5 years of age (P value of . 005, .002, and <.001 for aortic annulus diameter, sinuses of Valsalva, and STJ, respectively). As expected, the aortic root increased in size with increasing age and BSA (all P values ≤. 01).
Model-based z-scores for aortic root measurements were more dilated in group IIa (HIVinfected) children than in group IIb (HIV-uninfected) children. At 30 months of age, the aortic annulus diameter z-scores were 1.03 (95% CI, 0.65 to 1.41) and 0.18 (95% CI, 0.00 to 0.39) for the HIV-infected and HIV-uninfected children, respectively. Mean z-scores for the sinuses of Valsalva and the STJ were also more dilated for the HIV-infected children (1.01, 95% CI, 0.74 to 1.28; 1.10, 95% CI, 0.65 to 1.54, respectively) compared with the HIVuninfected children (0.65, 95% CI, 0.46 to 0.85; 0.83, 95% CI, 0.58 to 1.07, respectively). These differences did not increase over the course of follow-up.
BSA-adjusted aortic root analyses are provided for group I in Figure 3 . Mean z-scores were significantly elevated by approximately 1.0 SD for each aortic root measurement relative to the external controls, a finding in agreement with results of the group II analyses. At 5 years of age, the mean z-scores were 1.06 (95% CI, 0.67 to 1.45), 1.19 (95% CI, 0.93 to 1.45), and 1.36 (95% CI, 0.97 to 1.74) for aortic annulus diameter, sinuses of Valsalva, and STJ, respectively. The mean z-scores did not become progressively higher over the course of follow-up.
The z-scores were +2 or higher for approximately 10% to 15% of the aortic root measurements among HIV-infected (groups I and IIa) children, and <5% of the z-scores were elevated among HIV-uninfected children (group IIb) (data not shown). The percent with elevated z-scores did not vary significantly with age.
Covariate analyses
Markers for vascular stress-Heart rate, systolic BP, and stroke volume were not significantly associated with aortic root size for group II. These covariates had only a small effect on the model-based means for aortic annulus diameter, sinuses of Valsalva, and STJ when comparing HIV-infected and HIV-uninfected children. The means for each aortic root measurement remained significantly elevated for group IIa children compared with group IIb children after adjusting for heart rate, systolic BP, and stroke volume.
Mean hemoglobin and hematocrit values over the first 5 years of life for group II children are provided in Figure 4 . Both measures were consistently lower in the HIV-infected children. Therefore, aortic root analyses were adjusted with a single hemoglobin measurement for each child at 2 years of age. Hemoglobin was not significantly associated with aortic root measurements, although a trend toward correlation was seen at the level of the sinuses of Valsalva (P value of 0.18, 0.06, and 0.46 for aortic annulus diameter, sinuses of Valsalva, and STJ, respectively). Adjusting for hemoglobin did slightly reduce the magnitude of the mean difference for sinuses of Valsalva, but the differences remained significant at 24, 42, and 60 months of age.
Left ventricular end-diastolic dimension
The baseline correlation of aortic root measurements with LVEDD (first available pair) was tested for 45 group IIa children and 78 group I children. In the 45 group IIa children, mean LVEDD z-score was 0.29 ± 0.73 (mean ± SD). There was a positive association between group IIa LVEDD and aortic root z-scores at the levels of the aortic annulus (0.96 ± 1.00, Pearson coefficient of 0.43, P value of .003) and sinuses of Valsalva (0.86 ± 0.83, Pearson coefficient of 0.31, P value of .04). In the 78 group I children, mean LVEDD z-score was 0.33 ± 0.90. There was a positive association between group I LVEDD and aortic root zscores at all levels: aortic annulus (1.03 ± 0.94, Pearson coefficient of 0.44, P value < .001); sinuses of Valsalva (1.01 ± 0.83, Pearson coefficient of 0.39, P value < .001); and STJ (1.06 ± 0.88, Pearson coefficient of 0.38, P value of .001).
Data on change in aortic root measurements and change in LVEDD from the first available pair to the last were available for 42 group IIa children and 58 group I children. For group IIa children, median time between the first and last echocardiogram was about 8.5 months. The mean change in LVEDD was 0.1 cm and the mean change in aortic root measurements was 0.04, 0.07, and 0.05 cm for aortic annulus diameter, sinuses of Valsalva, and STJ, respectively. For group I children, median time between the first and last echocardiogram was approximately 10 months. The mean change in LVEDD was 0.1 cm and the mean change in aortic root measurements was 0.03, 0.06, and 0.04 cm for aortic annulus diameter, sinuses of Valsalva, and STJ, respectively. The mean change in z-scores did not differ from zero for any of the measurements. No correlation was detected between z-score changes in LVEDD and z-score changes in aortic root measurements.
Viral load and immune system dysfunction
Serum HIV RNA levels were available for 38 group IIa children and 68 group I children. A positive association was found between Log 10 RNA and aortic root z-scores only for measurements at the level of the sinuses of Valsalva. The relation was similar for both group IIa and group I children. For group IIa children, Log 10 RNA was 4.26 ± 0.85 and sinuses of Valsalva mean z-score was 0.95 ± 0.95 (Pearson correlation coefficient of 0.32, P value of . 05). For group I children, Log 10 RNA was 4.20 ± 0.80 and sinuses of Valsalva mean z-score was 1.02 ± 0.88 (Pearson correlation coefficient of 0.34, P value of .006).
The association between CD4 cell count z-scores and aortic root measurements z-scores is provided in Tables I and II for group IIa children and group I children, respectively. There was a statistically significant negative association between the z-scores for each aortic root measurement and CD4 cell count for both HIV-infected cohorts.
Discussion
Mild and nonprogressive aortic root dilation was seen in children with vertically transmitted HIV infection from 2 to 9 years of age. Although a 0.1-cm difference in vessel diameter is relatively small, an increase in the diameter from 1.2 cm to 1.3 cm results in a 17% increase in vessel cross-sectional area, and an increase from 1.8 cm to 1.9 cm results in an 11% increase in cross-sectional area. Possible causes for aortic root dilation in HIV-infected patients include the following: (1) stress-modulated growth, 7, 8 (2) direct HIV infection of the aortic root, (3) systemic or focal coinfection, (4) associated treatment of HIV infection, (5) immune complex-mediated involvement of the aortic root, (6) cytokine-or lymphokinemediated alteration of the aortic root, 9,10 or (7) central immune dysregulation (list modified from Calabrese et al 11 ).
Stress-modulated growth
This study primarily addressed the possibility of stress-modulated aortic root growth, with heart rate, systolic BP, stroke volume, hemoglobin, and hematocrit used as surrogate markers for vascular stress. None of these markers was associated with aortic root dilation in the group II children.
In both HIV-infected study cohorts (groups I and IIa), a positive association was found between LVEDD and aortic root z-scores at baseline. There was no correlation between zscore changes in LVEDD and z-score changes in aortic root measurements. We have previously reported nonprogressive left ventricular dilation as one of the abnormalities of left ventricular structure and function among 196 group I children. 12 In children with sicklecell anemia, increased left ventricular and aortic root dimensions have been reported to correlate well with hemoglobin level. 13 In the current study, although dilation of both the left ventricle and aortic root were seen in the HIV-infected study cohorts, aortic root dimensions did not correlate with stroke volume and only trended toward correlation with hemoglobin level at the level of the sinuses of Valsalva. Thus a direct effect of HIV infection on left ventricular and aortic root dimensions cannot be excluded.
Direct HIV infection
Higher serum HIV RNA levels were associated with dilation of the aortic root at the level of the sinuses of Valsalva at baseline in both HIV-infected study cohorts. A high viral load has been associated with rapid disease progression in infants with vertically transmitted HIV infection. 5 Evidence of injury, regeneration, and activation of the aortic endothelium in HIV-infected patients has been shown by Zeitz et al. 14 They postulated that abnormal endothelial function might contribute to the pathogenesis and progression of AIDS (for example, abnormal vascular permeability in HIV-associated encephalopathy and abnormal endothelial regulation of immune system function); plus, it might be relevant to microvascular proliferation and the initiation of Kaposi sarcoma. It is possible that endothelial damage may also involve factors that modulate aortic growth. Ascherl et al 9 have shown that vascular endothelial growth factor-A secretion by T-lymphocytes was promoted by inflammatory cytokines in conditioned medium derived from HIV-infected Tlymphocytes.
Immune system dysfunction
Aortic root dilation may be present in certain disorders associated with an inflammatory response, such as ankylosing spondylitis, 15 and Takayasu arteritis. 16 Potentially immunemediated arteriopathies are also seen in Kawasaki disease 17 and cardiac allograft atherosclerosis. 18 The mechanisms of immune-related vascular involvement in these abnormalities are not well understood, and the list of potential causes is similar to that provided above for aortic root dilation in HIV-infected patients.
Studies with transgenic models of HIV infection have demonstrated vasculopathy in the absence of HIV replication. Tinkle et al 19 showed extensive vasculopathy in transgenic mice carrying a replication-defective HIV-1 provirus. The inflammatory response occurred primarily in the adventitial layer without involvement of the endothelium.
Aneursymal lesions in HIV infection
In a recent review of vascular lesions associated with HIV infection, Starc and Joshi 20 included 35 aneurysmal lesions of small and large arteries in patients ranging from 3 to 64 years of age. In most reported instances, aneurysms of the aorta in HIV-infected patients were associated with secondary or opportunistic infections. There is one report in the literature of a "true" aneurysm of the ascending aorta in a 31-year-old HIV-infected man with a history of intravenous drug abuse 21 and another case of a ruptured aneurysm of the sinus of Valsalva in a 27-year-old HIV-infected woman. 3 A lymphoproliferative inflammatory response has been associated with aneurysmal lesions in patients with HIV infection, but involvement of the aorta has only infrequently been described. 11, 22 In a report of atypical arterial aneurysms in 16 young adult patients (12 HIVinfected), Marks and Kuskov 22 presented 5 cases associated with fibroproliferative vascular disease. Granulomatous periarteritis was seen in the abdominal aorta below the origin of the superior mesenteric artery in 2 patients and in the common and external iliac arteries in 3 patients.
Nair et al 2 recently described 28 HIV-infected patients (median age, 30 years) with 92 arterial aneurysms, including 5 aneurysms of the thoracoabdominal aorta and 7 of the abdominal aorta. Aortic aneurysms were usually seen in association with other aneurysms. In a related report, a predominantly aneurysmal vasculopathy was seen in the large arteries of 16 HIV-infected young adults. 23 Important pathologic features included leukocytoclastic vasculitis of vasa vasora and periadventitial vessels. In these two reports, an underlying cause of the HIV-associated aneurysms was not identified.
Limitations
Routine aortic root measurements were not available during the first 2 years of life, and the study did not determine the onset of aortic root dilation in HIV-infected versus HIVuninfected children. Aortic root dilation appeared to be nonprogressive, but long-term follow-up was not available. Whereas aortic root dilation in HIV-infected children did not appear to be strongly associated with markers of increased vascular stress, the mechanism of HIV-associated aortic root dilation was not further elucidated. The confounding effect of HIV treatment on aortic root size could not be assessed because nearly every HIV-infected child received antiretroviral medications at some time during the study period.
Conclusions
Mild and nonprogressive aortic root dilation was seen in children with vertically transmitted HIV infection from 2 to 9 years of age. Aortic root size was not significantly associated with markers for stress-modulated growth; however, aortic root dilation was associated with left ventricular dilation, an increased viral load, and a lower CD4 cell count in HIV-infected children at baseline. Although the degree of aortic root dilation remained stable during the study period, the natural history of HIV-associated aortic root dilation is unknown. As prolonged survival of HIV-infected patients becomes more prevalent, some patients may require long-term follow-up of aortic root size. 
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